The effects of maternal deprivation on the somatotrophic axis and neuropeptide Y (NPY) neuronal system in the hypothalamus of female lambs were evaluated. Twelve-week-old lambs were divided into two groups: the control (lambs stayed with mothers) and maternally deprived (MD; lambs separated for 3 days from mothers). The expression of immunoreactive (ir) somatostatin in the neurons of the periventricular nucleus (PEV) and in nerve terminals of the median eminence (ME), growth hormone (GH) in the adenohypophyseal cells and NPY in the neurons of the PEV and arcuate (ARC) nuclei of the hypothalamus using immunohistochemistry followed by the image analysis were estimated. Concentrations of GH in the blood plasma were determined by radioimmunoassay. The expression of ir somatostatin in the PEV and ME, ir NPY in the ARC and PEV, ir GH in adenohypophyseal cells, and blood plasma GH concentrations were greater (p<0.05) in MD than in the control lambs. In conclusion, MD affects the somatotrophic axis by enhancement of GH secretion via restraining of somatostatin output. The simultaneous increase of expression of hypothalamic ir NPY suggests NPY involvement in the regulation of psychoemotional stress through the somatotrophic axis in the female lambs.
Introduction
A separation from the mother is known to be a psychoemotional stress which induces some disturbances in behavioural and neuroendocrine mechanisms of adaptation [1] . Such separation determines lasting behavior and alters hypothalamic-pituitary-adrenal (HPA). axis responses in rats [2] [3] [4] and monkeys [5] . In farm animals, information concerning physiological consequences of disrupting mother-infant interactions especially with respect to endocrine functions are limited. In neonatal piglets, the repeated separation from mothers increases basal adrenocorticotrophin (ACTH) and cortisol concentration [6] In sheep under natural conditions, the rupture of the social connection may have long-term consequences, therefore, the weaning imposed by breeders may result in psychobiological disturbances. Separation of lambs from mothers causes behavioral alterations, some hormonal and immune changes and reduced growth [7, 8] . Our recent data have shown that a disruption of preweanling lambs-mother social contact enhanced the release of corticotrophin releasing hormone (CRH) from the median eminence (ME) and attenuates processing and release of ACTH [9] . However, the lamb's endocrine responses to stress have not been limited to the activation of the HPA axis but have also engaged other hypothalamic and pituitary hormones, especially the pituitary gonadotrophic hormones secretory activity [9] To continue our previous study we designed this experiment to determine the effect of maternal deprivation (MD) on the lamb's somatotrophic axis which is associated with growth and development, since the influence of stress caused by maternal deprivation on the somatotrophic axis has not been investigated in detail. In adult sheep such effects are mediated by an augmented input of endogenous somatostatin [10] and/or by possible action of growth hormone releasing hormone [11] . In adult anestrous ewes responses of hormones of the somatotrophic axis to stress caused by intermittent electric foot shocks strongly depend on the length of time during which the stressor is applied, and prolonged but not acute stimulation affects somatostatin neuronal system [12] . In rats, exposure to stressful stimuli affects the somatotrophic axis by decreasing of GH secretion [13] .
One of the candidates for regulation of somatostatin in the rat and human hypothalamus is neuropeptide Y, which represents a critical and central component of energy homeostasis, and influences the entire extent of the metabolic axis [14] . NPY is released into the peripheral circulation during psychological stress together with catecholamines involving neuroendocrine stress responses [15] . NPY is also a regulator of secretion of the anterior pituitary hormones such as GH, prolactin, LH [16] . Anatomically, NPY terminals are in close proximity with the somatostatin perikarya in the periventricular nucleus in sheep [17] [18] [19] . In sheep, the role of NPY in regulation of somatostatin was investigated only in the conditions of food deprivation and indicated that, nutritionally dependent decreasing release of somatostatin could be mediated by this hypothalamic peptide [18] . For rats, it has been demonstrated that NPY suppress GH release by stimulating somatostatin release [16] .
The aim of the presented study was to test the hypothesis that acute isolation of lambs from their mothers in the period of weaning can affect the secretory activity of the somatotrophic axis and that NPY may be involved in this process. The effect of MD on the somatostatin and NPY neuronal systems in the hypothalamus, GH in the adenohypophyseal somatotrophic cells population and GH concentrations in the peripheral blood were investigated in weanling lambs using immunohistological and radioimmunological methods.
Materials and methods

Animals.
The experiment was performed on Polish Merino female lambs born at the beginning of July at the Bieganowo Farm (Poland, 52°N and 21°E). Lambs were left to graze with dams in a pasture for 12 weeks after parturition. Twelve-week-old lambs were divided randomly into either the control group (n=3; average weight 18.5±0.71 kg) or maternally deprived group (MD group, n=3; average weight 18.5±1.50 kg).Control lambs grazed with dams on the pasture and suckled their mothers one to two times per 24 h. MD group was separated from dams and was in partial isolation from the herd, and it was kept within the fenced part of the pasture (approximately 600 m 2 ) for a period of 72 h. Before tissue collection, MD lambs had direct contact among themselves and an inspected visual and olfactory contact with their herd (staying beyond the fence on the same pasture), but not with their dams. They grazed pasture and additionally were weaned to solid food and were allowed free access to water. Then, animals were subjected to an 8 min loading and a 5 min transportation (approximately 1 km in a livestock trailer with internal floor dimension of 3.5 m × 2 m) to a local licensed slaughterhouse. Immediately after unloading, a blood sample was taken by jugular venipuncture from each lamb. Lambs were anesthetized with an i.v. injection of pentobarbitone sodium (20 mg/kg; Biochemie GmbH, Kundl, Austria) and slaughtered by decapitation at 73 h/74 h after beginning of the experiment.
Tissue preparation and immunohistochemistry. Immediately after decapitation, brains were perfused via both carotid arteries with 1000 ml 0.1 M phosphate buffered saline (PBS; Sigma, St. Louis, USA) and subsequently with 1500 ml 0.1 M PBS containing 4% (w/v) paraformaldehyde (Sigma-Aldrich, Germany) solution (w/v), pH 7.4. The hypothalami and pituitaries were dissected 20 min after the beginning of perfusion, postfixed for 72 h by immersion in the same fixative and washed with 0.01 M PBS. Hypothalami jointly with the ME and pituitary stalk were cryoprotected in a 20% sucrose solution in 0.01 M PBS for at least two days at 4°C. Hypothalami were frozen at -10°C and sectioned in frontal planes into 10 μm sections on a cryostat (Jung CM 1500, Leica Instruments GmbH, Nussloch, Germany). Pituitaries were dehydrated in graded alcohols, embedded in paraplast (Sigma, St Louis, USA) and then 4 μm sections were cut in the sagittal plane.
The immunoreaction for somatostatin, NPY and GH was developed by immunohistochemical technique. Hypothalami sections were washed in 0. [21] .
In the control staining, the primary antiserum was replaced with the same dilution of rabbit serum. To evaluate the specificity of staining, the inhibition of anti-hormone serum with its homologous antigen was used. The preincubation of somatostatin antiserum with 10 μg/ml synthetic somatostatin (cyclic Clin-Midy, France), NPY antiserum with 10 μg/ml. synthetic NPY (ref. 6269, Sigma, St Louis, USA) and GH antiserum with 4 μg/ml with hGH (Sigma, St Louis, USA) for 24 h at 4°C used for immunohistochemical staining instead of the primary antibody blocked the immunostaining. Neither of the controls exhibited any specific staining (data not shown).
Radioimmunological analysis (RIA) of GH. Plasma GH concentration was estimated in duplicate by double-antibody RIA according to Slaba et al. [22] , using pituitary derived bGH purified by chromatography on SE-Sephadex C-50 in sodium acetate buffer for iodination and reference standards. The first antibody was produced in rabbits against pituitary-derived bGH NIDDK-GH-B-1003A. The assay detection limit was 0.034 ng corresponding to 0.68 ng/ml plasma per sample. The intra-assay CV averaged 5.9%. The data are presented as mean ±SD. The level of significance for differences between two groups was calculated using the MannWhitney U test. Significance was defined at the p<0.05 level.
Ethical issues. All procedures were approved by the 3 rd Local Ethics Committee in Warsaw, according to the Polish Law for the Care and Use of Animals (2 August 1997).
Image analysis. A Nikon type 104 projection microscope (Nikon Corporation, Yokohama, Japan) was used for histological analyses of hypothalamic and pituitary sections. Staining was analysed using the "Lucia" image analysis computer system version 3.51ab (Laboratory Imaging Ltd, Prague, Czech Republic). Images of stained sections were projected by camera (Panasonic KR222, Matsushita Electric Industrial Co, Osaka, Japan) into a color monitor. Images were adjusted for optimal contrast, fixed at the same brightness levels, converted to grey and saved in a buffering system. Analyses were performed with a 20× objective lens for NPY and somatostatin perikarya, 4× for the somatostatin nerve terminals in the ME and 40× objective for adenohypophyseal GH cells. The area fraction, parameter defining the percentage of the total area that exhibited specific staining was measured. This parameter expresses the population of positively stained cross-sections of perikarya, fibers, nerve terminals in the ME or adenohypophyseal cells. Quantitative analyses were performed for each hypothalamus in the sub-area of interest using a threshold function to select a range of grey values identified as positive staining. All other values were referred to as non-staining. The threshold value was different for pituitary, both hypothalamic nuclei, the ME and individual hormones and constant for all measured pictures of one histochemical product. The frame size was kept constant for the duration of the image analysis. Before measurements, the images were processed by subtracting the background and removing all artifacts. Analyses of percentage area for the immunoproduct in the ir somatostatin nerve terminals were estimated in the delineated area containing the middle part of the ME. Measurements were performed on every fourth section (~24 sections per animal) for the total area of 100 mm2 for each hypothalamus. Immunoproducts in the somatostatin and/or NPY were analysed on both sides of the third ventricle in the periventricular (PEV) nucleus and on both sides of the recessus infundibularis in the ARC and paraventricular (PVN) nuclei. The quantification of data obtained for the immunoproduct was based on ~24 measurements in 12 sections for each nucleus in the sub-area of interest (0.2293 mm 2 /field). The analyses of the immunoreaction in adenohypophyseal GHcells were made in four sections of pars distalis of each pituitary gland using every 40 th serial section (16 fields each of 0.0837 mm 2 were measured per section).
Statistical analysis. The data from each section were averaged to obtain a mean, estimated for each nucleus, each ME or adenohypophysis within each animal. Then, the mean data were pooled to represent the control or experimental group. For the small sample size (n=3), to compare groups the data were analyzed using the Mann-Whitney U test, the non-parametric equivalent of Student's t-test for non-linked samples using the Statistica 6.0 PL software system (StatSoft, Inc., Tulsa, OK, USA). The data are reported as mean of percentage ±SEM of the total area that exhibited positive and specific immunostaining. Significance was defined at the p<0.05 level.
Results
Immunoreactivity of somatostatin in hypothalamus
In both groups, ir somatostatin perikarya were localized in the PEV nucleus. These perikarya extended from the suprachiasmatic area in the anterior hypothalamus to the paraventricular zone in the medial basal hypothalamus. Immunoreactive somatostatin nerve terminals in the ME were arranged in its external zone across the entire width of this organ showing greatest accumulation in the medial part.
Clear-cut differences in the number of ir perikarya, density of fibers and nerve terminals were seen between the two groups (Fig. 1) . In control lambs a very weak immunostaining of somatostatin in a few visible cells was observed. In contrast, in MD lambs, the PEV center displayed a moderate number of cells and fibers filled with ir somatostatin (Fig. 1 A-B) . The image analysis demonstrated, that the percentage of the area exhibiting positive staining was greater (p<0.05) in the MD group, compared to the control group (Fig. 2A) .
The ir somatostatin terminals in the ME were optically more abundant in the MD group than in the control group (Fig. 1C-D) . This was reflected by the significantly (p<0.05) greater percentage of the area occupied by ir somatostatin nerve terminals in the ME of the MD group compared to the control group ( Fig. 2A) .
Immunoreactivity of GH cells in pituitary and GH concentration in peripheral blood
The population of adenohypophyseal cells stained positively for GH was greater in MD lambs than in controls, but intensity of staining was low in the majority of these cells (Fig. 1E-F) . The image analysis demonstrated that the area exhibiting positive staining was greater (p<0.05) in the MD group compared to the control group (Fig. 2A) .
The mean GH concentration in the blood plasma of the MD group of lambs was significantly (p<0.05) higher than in the control group (9.03±1.41 vs. 6.64±0.91 ng/ml).
Immunoreactivity of NPY in hypothalamus
In both groups, the ir NPY neurons were localized typically in three distinct sub-areas of the hypothalamus. In the PEV nucleus and in the periventricular subdivision of the PVN nucleus only the nerve fibers were localized. Immunoreactive NPY perikarya were seen only in the ARC nucleus. In the control group, the expression of ir NPY fibers and perikarya was very weak in PEV and ARC nuclei (Fig. 3 A-C) with relatively high expression of ir NPY fibers in the PVN nucleus. Contrary, in the MD group a prominent expression of varicose ir NPY fibers in the PEV nucleus and considerable number of NPY perikarya in the ARC nucleus appeared (Fig. 3 B-D) . No changes in NPY expression were observed in the PVN nucleus. Percent area exhibited positive NPY staining in PEV and ARC but not in PVN hypothalamic nuclei was greater (p<0.05) in the MD group compared to the control group (Fig. 2 B) . 
Discussion
Somatostatin and growth hormone
The present study demonstrates that the stressful experience of maternal deprivation affects the immunoreactivity of somatostatin in the hypothalamus, GH expression in the pituitary gland and GH concentration in blood plasma. Overall, histomorphological and hormonal evaluations indicate that MD causes the inhibition of somatostatin release and enhancement of GH release to the circulating blood in female lambs. The microscopic observations of the hypothalamus show that MD intensifies the immunoreaction in the cells forming the somatostatin perikaryonal centre and augments somatostatin stores in the nerve terminals of the ME. This can be interpreted as a restriction of the somatostatin transport as well as release rather than augmentation of its synthesis. In the sheep, the effect of MD on the somatotrophic axis has not been previously investigated. In maternally deprived rat pups, somatostatin content measured in the hypothalamic tissue increased [11] . The authors suggested, that such modifications might be related to suppression of GH. that was known to result from MD in this species. Thus, these data demonstrated that synthesis of the somatostatin increased in these experimental conditions. However, it is unclear if a peptide is released to the portal circulation. Therefore, this subject requires additional investigation.
The disorders in the somatotrophic axis due to stressful stimulation can be associated with enhanced activation of CRH. In rats exposed to stress, CRH stimulates in vitro hypothalamic somatostatin release [23, 24] and inhibits GH secretion [10] . Moreover, the action of central CRH in the regulation of GH secretion in rats is mediated by the stimulation of hypothalamic somatostatin [25] . In contrast to rats, where both acute and prolonged stressful stimulation suppress the GH secretion mediated by somatostatin [26] , various stressful stimuli elicit an increase of circulating GH in monkeys and humans [27, 28] . For ruminants, data concerning the relation between stress and the somatotrophic axis are very limited and sometimes contradictory, since results depend strongly on the nature and duration of the stressful stimuli. In infantile lambs, the prolonged exposure to MD increases the release of CRH from the ME [9] . Short isolation-restraint stress involved rapid release of GH in male sheep [29] . In females, only prolonged but not short footshocking induced rapid release of somatostatin from the nerve terminals of the median eminence [30] . It was suggested that stimulation of GH pulsatility caused by acute stress could be mediated rather by GHRH but not somatostatin in sheep [29] . However, the mechanism of action of CRH and/or stressful stimulation on the somatotrophic axis in sheep has not been fully elucidated. The presented results give an additional evidence that somatostatin can take part in the psychoemotional stress-related mechanism in sheep.
In the current study, MD resulted also in the increase of activity of somatotrophic pituitary cells. This was manifested by enhancement of the number of these cells, GH expression and GH release reflected by the rise in the plasma concentration. There are some evidences about the inhibitory effects of MD on GH in rats [31, 32] , and stimulatory effects in the macaque [5] . Present results suggest some stimulation of somatotrophic pituitary cells activity which resulted in an increasing release of GH to the portal circulation in MD lambs.
In summary, MD affects the somatotrophic axis in female lambs by diminishing somatostatin release from the nerve terminals of the ME. This corresponds well with the increased secretory activity of the pituitary growth hormone-producing cells and an increase in the GH concentration in the blood plasma. 
Neuropeptide Y
The present results demonstrated that MD caused an increase of population of NPY neurons in the ARC nucleus. In fact, the ARC nucleus is known to be a principle site of NPY synthesis in the hypothalamus [33] . However in the sheep, immunoreactivity of NPY perikarya can be observed rather in very specific conditions like after colchicine treatment [33] , in some physiological conditions related to starvation /long term malnutrition [19] , or the preovulatory phase of the oestrous cycle [34] . It has been suggested that a visualization of perikarya in the sheep may result from their enhanced secretory activity in the hypothalamus [33] . Changes in the activity of ARC NPY in conditions of MD were seen in rat pups. The 24-36 h separation from the mother increased expression of mRNA NPY in the ARC nucleus [35, 36] . Also the restraint stress increased NPY mRNA in the ARC nucleus of the hypothalamus [37] . Increased activity of NPY perikarya in conditions of MD is likely due to their role in metabolic stress [38] and/or response to the stress of maternal separation [39] . However, in the MD lambs no changes were observed in the ir NPY in the PVN nucleus, which is responsible for both, the metabolic and stress mediation [reviewed in 39] . Similarly, in MD rats, unaffected NPY neurons in the PVN were observed [35] . According to Grove and Smith [40] the various populations of hypothalamic NPY neurons can respond in different ways to MD, which can be related to the incomplete development of ARC projections in this ontogenic period.
In contrast to PVN nucleus, in the PEV nucleus a marked increase of population of ir NPY fibers has been observed in the present study. The periventricular area of the hypothalamus was established as the centre of the somatostatin synthesis in many species including sheep [reviewed in 30] . This suggests, that NPY terminals located in this area can be involved in the regulations associated with the somatotrophic axis. In fact, in our previous study we have demonstrated that nutritional manipulations augmented the activity of periventricular NPY-ir fibers with concomitant somatostatin output in sheep [18, 19] . Immunohistochemical studies have demonstrated synaptic connections between NPY containing axons and somatostatin perikarya in the PEV nucleus of rats [41] and sheep [17] . Our last study on anatomical connections between NPY and somatostatin neurons demonstrated such links in prepubertal lambs on the levels of PEV and ARC nuclei (unpublished). The direct interactions between the somatostatin and NPY in the area of ARC nuclei were found in rats where approximately 7% of NPY perikarya coexpressed the specific receptor for somatostatin -sst1 [42] .These data suggest that there is an anatomical basis for interactions between these two groups of cells and that NPY neurons can influence the secretion of GH by influencing hypothalamic somatostatin neurons.
In summary, the increasing activity of ir NPY neuronal population in the hypothalamus especially in the PEV nucleus, with concomitant decrease of somatostatin output from periventricular perikarya and from nerve terminals in the ME suggests, that NPY may play a role in the regulation of the somatotrophic axis in lambs separated from their mothers.
In conclusion, rupture of the young offspring-mother contact affects the somatotrophic axis by enhancement of GH secretion via restraining of somatostatin output. It is suggested that some subpopulation of the hypothalamic NPY neurons can be involved in the mechanism of regulation of psychoemotional stress through the somatotrophic axis in the female lambs.
